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1. 0 INTRODUCTION 

My earlie r  researc h o n compute r  understandin g 
of  physic s problem s state d i n Englis h [1,2 ]  ha s 
convince d me tha t  Englis h i s bes t  viewe d a s a 
programmin g language .  Tha t  is ,  a n Englis h sentenc e 
does no t  contai n th e messag e t o b e transmitte d t o 
th e reader ,  bu t  rathe r  i s a  progra m whic h provide s 
th e minimu m Informatio n necessar y fo r  th e reade r  t o 
construc t  th e messag e fro m wha t  th e reade r  alread y 
knows .  I n th e cas e o f  physic s problems ,  th e siz e 
of  th e mode l  constructe d b y th e ISAA C progra m i s 
some 3 0 time s a s larg e a s th e siz e o f  th e Englis h 
sentence s whic h specifie d th e constructio n o f  tha t 
model .  Woods [3 ]  ha s suggeste d tha t  th e nee d t o 
communicat e comple x concept s ove r  a 
bandwidth-limite d seria l  channe l  (speech )  wa s th e 
drivin g forc e behin d th e evolutio n o f  natura l 
lariguag e abilitie s i n humans . 

Study of the ways In which English permits 
compact  expressio n o f  comple x Idea s reveal s severa l 
feature s whic h woul d b e usefu l  i f  incorporate d int o 
programmin g languages .  Th e reade r  o f  a n Englis h 
tex t  maintain s a  curren t  context ,  o r  focu s [4] , 
whic h ca n b e use d t o understan d definit e reference s 
t o object s o r  feature s o f  object s whic h ar e no t 
specifie d completely ,  bu t  ar e closel y relate d t o 
object s i n th e curren t  context .  Fo r  example , 
conside r  th e followin g sampl e o f  text : 

Last night I went to Scholz's for a beer. 
The bartende r  aske d fo r  a  rid e home , 
sinc e hi s ca r  wa s disabled .  Somebod y ha d 
le t  th e ai r  ou t  o f  th e tires . 

A person reading this passage can easily understand 
a definit e referenc e suc h a s "th e air" ,  whic h mean s 
"th e ai r  whic h wa s containe d i n th e tire s whic h ar e 
par t  o f  th e ca r  whic h I s owne d b y th e perso n wh o 
work s a s a  bartende r  a t  th e ba r  name d Scholz's" . 
The reade r  ha s mad e thes e connection s whil e readin g 
th e stor y b y usin g worl d knowledg e an d b y 
maintainin g a  curren t  contex t  relativ e t o whic h 
definit e reference s t o previousl y unmentione d 
object s an d feature s ca n b e understood ,  eac h 
referenc e t o a n objec t  o r  featur e cause s I t  t o b e 
brough t  int o th e context ,  thu s enablin g furthe r 
reference s relativ e t o it .  Th e abilit y  o f  th e 
reade r  t o infe r  th e connectio n betwee n a  definit e 
referenc e i n a  sentenc e an d a  "closel y related " 

objec t  i n th e curren t  contex t  permit s th e compac t 
specificatio n o f  comple x relationship s amon g 
objects . 

Another valuable feature of English is that it 
provide s a  standar d Interfac e fo r  communicatin g 
information .  Th e write r  an d th e reade r  may hav e 
ver y differen t  interna l  representation s fo r  certai n 
objects ,  bu t  the y bot h hav e procedure s fo r 
translatio n betwee n thei r  interna l  representation s 
and correspondin g Englis h descriptions .  A  relate d 
featur e i s provide d b y "object-oriented " 
programmin g i n th e SMALLTALK languag e [5] ,  whic h i s 
base d o n th e ide a o f  Object s whic h communicat e b y 
exchangin g Messages .  I n mos t  programmin g 
languages ,  objec t  representation s ar e merel y 
storaij e locations ;  th e natur e o f  th e representatio n 
i s represente d implicitl y  i n th e program s whic h 
manipulat e th e storag e locations .  I n SMALLTALK, 
th e interna l  structur e o f  object s i s hidden ,  an d 
program s canno t  manipulat e th e interna l  structure s 
directly ;  Instead ,  program s quer y an d chang e value s 
i n th e object s b y sendin g the m messages ,  e.g. , 
"wha t  i s you r  X? "  o r  "se t  you r  X  t o th e valu e y" . 
Onl y th e objec t  itsel f  know s whethe r  i t  actuall y 
has a n X ,  o r  whethe r  it s X  i s a  consequenc e o f 
othe r  values .  I n addition ,  th e objec t  ca n ac t  t o 
maintai n it s ow n interna l  consistency ;  fo r  example , 
changin g th e siz e o f  a n objec t  may requir e tha t  th e 
objec t  chang e th e siz e o f  it s  pictur e o n a  displa y 
screen .  Unfortunately ,  SMALLTALK ha s bee n 
implemente d o n specia l  hardware ,  an d ha s bee n 
unavailabl e t o mos t  researchers . 

2. 0 NEED FOR ENGLISH-LIK E PROGRAMMING LANGUAGES 

English-like programming provides two features 
whic h ar e neede d b y worker s i n Cognitiv e Scienc e 
and Artificial  Intelligenc e an d whic h ar e no t 
provide d b y mos t  existin g programmin g languages : 
brevit y o f  expressio n an d eas e o f  changin g 
representations .  I n fact ,  thes e tw o ar e 
intertwined :  th e mor e detai l  on e ha s provide d 
abou t  ho w t o perfor m a n actio n o n a n object ,  th a 
more cod e on e wil l  hav e t o chang e i f  th e basi c 
structur e o f  th e objec t  i s  t o b e changed .  Mos t 
existin g programmin g language s implicitl y  specif y 
th e structure s o f  object s withi n th e code .  Fo r 
e^cample ,  i n eithe r  PASCAL o r  CLIS P [6] ,  referencin g 
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a fiel d o f  a  recor d structur e require s tha t  bot h 
th e recor d an d a  complet e pat h fro m th e recor d t o 
th e desire d fiel d b e specifie d I n th e code ;  I f  th e 
recor d structur e I s t o b e changed ,  al l  th e cod e 
whic h reference s suc h record s wil l  ofte n hav e t o b e 
change d also .  I n a  larg e system ,  suc h change s ar e 
so difficul t  tha t  significan t  change s t o dat a 
structure s ar e seldo m possibl e onc e a  larg e bod y o f 
code exists . 

3. 0 GLIS P 

GLISP Is a LISP-based language which permits 
English-lik e program s containin g definit e 
references .  GLIS P I s implemente d b y a  compile r 
whic h compile s GLIS P program s int o LIS P relativ e t o 
a knowledg e bas e whic h i s separat e fro m th e 
programs ;  th e resultin g LIS P cod e ca n b e furthe r 
compile d t o machin e languag e b y th e LIS P compiler . 
I n GLISP ,  th e executio n o f  a  progra m cause s a n 
implici t  contex t  o f  computatio n t o b e constructed , 
jus t  a s a n Englis h conversatio n cause s a n implici t 
conversationa l  contex t  t o b e constructe d i n th e 
mind s o f  th e conversants .  Th e contex t  i s  compute d 
at  compil e time ,  usin g flo w analysis ,  fro m th e 
previou s context ,  whic h include s Structur e 
Description s o f  previousl y mentione d objects . 
Definit e reference s t o feature s o f  object s whic h 
ar e currentl y i n contex t  ar e permitted ;  thes e caus e 
th e newl y reference d object s t o b e adde d t o th e 
context ,  allowin g furthe r  reference s relativ e t o 
them. 

The initial context within a GLISP function 
consist s o f  th e argument s o f  th e function ,  it s  PROG 
variables ,  an d an y declare d globa l  variables .  Th e 
contex t  contains ,  fo r  eac h variable ,  it s  variabl e 
name,  referenc e name ,  an d Structur e Description . 
When a  definit e referenc e i s encountere d withi n a 
GLISP program ,  th e compile r  determine s whethe r  th e 
referenc e name s suc h a  variabl e o r  name s a 
substructur e o r  featur e o f  som e variabl e whic h i s 
i n context .  I f  a  substructur e o r  featur e i s 
referenced ,  th e compile r  determine s ho w t o ge t  i t 
fro m th e origina l  structure ;  th e resultin g cod e 
replace s th e definit e referenc e i n th e compile d 
versio n o f  th e program .  I n additio n t o producin g 
code t o ge t  th e featur e fro m th e startin g 
structure ,  th e compile r  als o determine s th e 
Structur e Descriptio n o f  th e result .  Th e ne w ite m 
and it s Structur e Descriptio n ar e adde d t o th e 
context ,  thu s enablin g furthe r  definit e reference s 
relativ e t o it .  When th e compilatio n i s finished , 
th e contex t  structure s disappear ;  th e compile d cod e 
contain s onl y th e LIS P cod e necessar y t o perfor m 

th e specifie d actions .  Thus ,  th e cod e produce d b y 
GLISP i s relativel y efficient ;  th e use r  o f  GLIS P 
must  pa y fo r  compilation ,  bu t  doe s no t  incu r  a 
runtim e penalty .  Th e GLIS P compile r  run s 
Incrementally ,  s o tha t  function s ar e compile d 
automaticall y th e firs t  tim e the y ar e called . 

The following example Illustrates some of the 
feature s o f  GLISP .  Suppos e tha t  a  wicke d witc h 
curse s a  grandmothe r  b y decreein g tha t  eac h o f  he r 
calic o cat s shal l  ag e b y fiv e years .  Th e cod e t o 
accomplis h thi s ca n b e writte n I n GLIS P a s follows : 

(CURSE (GLAMBDA ( (A GRANDMOTHER) ) (PROG () 
(FOR EACH CAT WIT H COLOR =  'CALIC O 

DO AGE <- + 5 )  )) ) 

The GLAMBDA indicates that this is a GLISP 
function ,  an d cause s th e GLIS P compile r  t o b e 
calle d whe n th e functio n i s firs t  interprete d 
(usin g th e LAMBDATRAN featur e o f  INTERLIS P [6]) . 
Sinc e GLIS P maintain s a  contex t  an d permit s 
definit e reference ,  i t  i s  ofte n unnecessar y t o giv e 
names t o variables ;  thus ,  we nee d onl y declar e th e 
typ e o f  th e argument ,  ( A GRANDMOTHER).  Sinc e a 
GRANDMOTHER i s i n context ,  th e compile r  ca n 
determin e ho w t o acces s he r  CATs an d ho w t o 
generat e a n appropriat e loo p t o examin e eac h o f 
them.  Withi n th e loop ,  o f  course ,  th e curren t  CAT 
i s i n context ,  allowin g definit e referenc e t o it s 
features .  Th e compile r  generate s th e appropriat e 
kin d o f  tes t  t o compar e th e COLOR o f  th e CAT 
agains t  th e constan t  'CALICO ;  i f  needed ,  th e 
constan t  an d th e operato r  coul d b e coerce d int o th e 
appropriat e forms .  Fo r  example ,  'CALIC O migh t  hav e 
severa l  possibl e meanings ;  i n th e contex t  o f  th e 
COLOR o f  a  CAT,  i t  coul d b e coerce d t o th e uniqu e 
constan t  'CALICO-CAT-COLOR .  I f  th e tes t  i s 
satisfied ,  th e AGE o f  th e CAT i s increase d b y 5 ; 
th e operato r  ^  +  ,  whic h specifie s appendin g whe n 
applie d t o lists ,  i s  interprete d a s additio n whe n 
applie d t o numbers . 

In the GLISP program, we have implied that 
certai n object s hav e certai n features ,  e.g. ,  tha t  a 
CAT ha s a  COLOR,  bu t  we hav e sai d nothin g abou t  ho w 
t o ge t  o r  replac e th e COLOR o f  a  CAT,  o r  abou t  wha t 
typ e o f  entit y th e COLOR actuall y  Is .  Thi s 
informatio n I s hel d separatel y i n th e knowledg e 
base o f  Structur e Description s an d othe r 
informatio n relativ e t o whic h th e progra m i s 
compiled .  Thi s make s possibl e significan t  change s 
t o dat a structure s wit h n o change s t o th e cod e — a 
goal  lon g sough t  i n high-leve l  languages ,  bu t  on e 
whic h ha s bee n largel y unrealize d fo r  structure s 
Involvin g pointers .  GLIS P ca n b e viewe d a s simila r 
t o SMALLTALK i n th e sens e tha t  a  progra m doe s no t 
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specif y directl y ho w t o manipulat e objects . 
Instea d o f  sendin g a  messag e t o a n object ,  w e ca n 
thin k o f  th e GLIS P compile r  a s generatin g th e cod e 
t o d o wha t  th e objec t  woul d d o i f  I t  receive d suc h 
a message .  Thi s provide s som e o f  th e flexibilit y 
of  SMALLTALK wit h hig h runtim e efficiency . 

The GLISP compiler allows GLISP expressions 
and ordinar y LIS P t o b e mixed ;  th e use r  ca n us e a s 
much o r  a s littl e GLIS P a s desired .  A  Structur e 
Descriptio n languag e i s 
LIS P dat a structures , 
automaticall y generate s 
structures .  I n addition , 
clea n interfac e t o on e 
languages ,  th e use r  ca n 

provide d fo r  th e common 
and th e compile r 

cod e t o acces s suc h 
th e compile r  provide s a 
or  mor e representatio n 

use bot h ordinar y LIS P 
structure s an d unit s i. n hL s favorit e representatio n 
language ,  accessin g bot h i n a  transparen t  manner . 
A mor e compact ,  CLISP-llk e synta x fo r  GLIS P 
expression s i s provide d i n additio n t o th e 
English-lik e syntax.  Th e GLIS P compiler ,  accessin g 
bot h LIS P structure s an d ou r  GIR L represeatatio u 
Innguag e [7] ,  i s  currentl y running . 
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